(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(19) World Intellectual Property Organization 

International Bureau 

(43) International Publication Date 
14 June 2001 (14.06.2001) 




PCT 



llllll II II! I III III II I! Ill II Ml 

(10) International Publication Number 

WO 01/42539 Al 



(51) International Patent Classification 7 : C30B 25/14, 

C23C 16/44 

(21) International Application Number: PCT/GBOO/02559 

(22) International Filing Date: 3 July 2000 (03.07.2000) 

(25) Filing Language: English 

(26) Publication Language: English 
(30) Priority Data: 



9929279.9 



11 December 1999 (11.12.1999) GB 



(71) Applicants (for all designated States except US): 
EPICHEM LIMITED [GB/GB]; Power Road, Brom- 
borough, Wirral, Merseyside CH62 3QF (GB). 1QE PLC 
[GB/GB]; Corporate Headquarters, Pascal Close, Cypress 
Drive, St. Mellons, Cardiff CF3 0EG (GB). 

(72) Inventors; and 

(75) Inventors/Applicants (for US only): RAVETZ, Megan 
[GB/GB]; 67 Broadway West, Newton, Chester (GB). 



WILLIAMS, Graham [GB/GBJ; Tinkersdale, Tower 
Road North. Heswali, Wirral CH60 6RS (GB). NELSON, 
Andrew [GB/GB]: Vilaflor, Craig Pennlyne, Cowbridge, 
Vale of Glamorgan CF71 7RS (GB). BLUNT, Roy, Trevor 
[GB/GB]; Estoril. Bryn Rhedyn, Llanfrechfa, Cwmbran, 
Gwent NP44 8UB (GB). WILLIAMS, Howard [GB/GB]; 
5 Canopus close, St. Mellons. Cardiff CF3 1NR (GB). 
ODEDRA, Rajesh [GB/GB]; 221 Manchester Road, 
Altrincham, Cheshire WA14 5NU (GB). 

(74) Agent: ROYSTONS: Tower Building, Water Street, 
Merseyside, Liverpool L3 IBA (GB). 

(81) Designated States (national): AE, AG, AL, AM, AT, AU, 
AZ, BA, BB, BG. BR, BY, BZ, CA, CH. CN, CR. CU, CZ, 
DE, DK, DM, DZ, EE, ES, Fl, GB, GD, GE. GH, GM, HR, 
HU, ID, IL, IN, IS, JP, KE, KG, KP. KR. KZ. LC LK. LR, 
LS, LT, LU. LV. MA, MD, MG, MK, MN, MW, MX, MZ, 
NO, NZ, PL. PT, RO, RU, SD, SE, SG, SI, SK, SL, TJ, TM, 
TR. TT, TZ, UA, UG, US, UZ, VN, YU, ZA, ZW. 

(84) Designated States (regional): ARIPO patent (GH, GM, 
KE, LS, MW, MZ, SD, SL, SZ, TZ, UG, ZW), Eurasian 
patent (AM, AZ, BY, KG, KZ. MD, RU, TJ, TM), European 

[Continued on next page] 



(54) Title: METHOD AND APPARATUS FOR DELIVERING PRECURSORS TO A PLURALITY OF EPITAXIAL REACTOR 
SITES 



ON 
IT) 



O 




(57) Abstract: A method and apparatus for the bulk delivery of a precursor, such as an organometallic compound, from a bulk 
container, such as a bubbler (1) to a plurality of reactor sites (12, 14, 16, 18, 20) wherein a carrier gas (2) is introduced into the 
container (1) of the precursor to pick up the precursor to form a gaseous mixture. The gaseous mixture is then selectively distributed 
to one or more of a plurality of reactor sites (12, 14, 16, 18,20). The gaseous mixture may be stored in a reservoir (9) and be drawn 
by means of a pressure differential or under vacuum to each of the reactor sites, when required. 



BNSDOCID: <WO 0142539A1_I_> 



f. t 



WO 01/42539 Al I IIIH Ifflim II Mlil IRif lllf 1 11 III IHH lllil Hill Hill mi mmi bii mi mi 

patent (AT, BE, CM CY. DE, DK, ES, Fl. FR, GB, GR, IE. For two-letter codes and other abbreviations, refer to the "Guid- 

JT, LU, MC, NL. FT, SE). 0AP1 patent (BF, BJ, CF. CG. once Notes on Codes and Abbreviations" appearing at the beoin- 

C), CM. GA, GN. GW. ML. MR, NE, SN, TO, TG). ning of each regular issue oj the PCT Gazette. 

Published: 

— With international search report. 



BNSDOCID: <WO 0142539A1_I_> 



WO 01/42539 PCT/GB00/02559 



METHOD AND APPARATUS FOR DELIVERING PRECURSORS TO A PLURALITY OF EPITAXIAL 
REACTOR SITES 

DESCRIPTION 

The present invention relates to an improved method of, and apparatus for the 
delivery of precursors in the vapour phase to a plurality of expitaxial reactor sites, 
particularly in relation to the delivery of organometallic compounds. 

It is common practice in the semiconductor industry for electronic devices to be 
produced by means of a Chemical Vapour Deposition (CVD) process. Precursors 
(liquid or solid) are supplied in bubblers wherein, in use, a carrier gas is bubbled 
through and becomes saturated with the precursor via a dip pipe. The carrier 
gas/vapour mixture is then passed at a controlled rate into an epitaxial reactor. 
Such systems are used in the production of both silicon and compound semiconductors, 
with early versions being specific to individual reactors. 

With growth in demand for semiconductors, initially in the silicon area, it was 
necessary to introduce bulk distribution systems wherein a central reservoir fed a 
number of bubblers, local to each reactor. These systems, typically used for the 
delivery of Tetraethoxysilane (TEOS), have been actively marketed by the suppliers of 
TEOS but have only been applied to the distribution of liquids. 

However, a number of precursors for semiconductor production are transported 
from the bubbler to their reactor in the gaseous phase and up until now such 
transportation has been achieved on an individual basis. This has obvious drawbacks, 
such as the downtime required for the changeout of the bubblers at the individual 
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reactors and the cost in relation to the increased quantity and complexity of the local 
pick up and control equipment required for each chemical at each reactor. 

The production of the equipment for transportation of the precursor from the 
bubbler to the reaction site has to be specially designed to make it suitable for carrying 
the many potentially hazardous chemicals that are used in semiconductor production, 
such as Trimethylgallium, Trimethylindium, Trimethylaluminium, Dimethylzinc and 
Triethylgallium. One of the potential hazards of all these chemicals is their 
pyrophoricity (i.e. they ignite spontaneously on contact with air). 

It is an object of the present invention to provide an improved method of, and 
apparatus for, delivery of precursors to a reactor site, particularly in relation to 
organometallic compounds, that aims to overcome the abovementioned drawbacks. 

Accordingly, a first aspect of the present invention provides a method for 
delivering a precursor to a plurality of reactor sites, the method comprising the steps of 
introducing a carrier gas into a container of precursor, picking up the precursor in the 
gas to form a gaseous mixture and selectively distributing the gaseous mixture to one or 
more of a plurality of reactor sites. 

A second aspect of the present invention provides an apparatus for delivering a 
precursor to a plurality of reactor sites, the apparatus comprising an inlet for 
introducing a carrier gas into a container of precursor and an outlet for selectively 
distributing the precursor in the carrier gas to one or more of a plurality of reactor sites. 

Preferably, the rate of flow of the carrier gas and the carrier gas/precursor 
mixture through the apparatus is controlled by means of a system of mass flow 
controllers. A first mass flow controller is preferably positioned to control the rate of 
flow of the carrier gas into the container. 
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Preferably, a second source of carrier gas is introduced into the gaseous mixture 
after pick up of the precursor. The addition of a second source of carrier gas is 
preferably monitored by a second mass flow controller after pick up of precursor to 
maintain the vapour concentration below saturation to ensure that the precursor remains 
in the vapour phase. Additionally or alternatively, the system may be heated. This 
assists in maintaining the vapour concentration below saturation to ensure that the 
precursor remains in the vapour phase. Preferably, the second mass flow controller is 
linked to the first mass flow controller such that the two flows of carrier gas are always 
in the same ratio to each other. 

The gaseous mixture is preferably transported to a reservoir for storage thereof, 
the reservoir having means for selectively distributing the mixture to a plurality of 
reactor sites. The reservoir is preferably provided with a pressure controller that is 
connected to the first mass flow controller to determine the rate of flow of carrier gas 
into the container. The pressure in the storage reservoir is controlled such as to enable 
a uniform supply of the gaseous mixture to the different reactors. The storage of bulk 
material in the gaseous phase has not previously been utilized in relation to the delivery 
of precursors to a reactor site. Prior hereto, storage has always been in the liquid or 
solid phase. 

The gaseous mixture is preferably drawn under vacuum or by means of a 
pressure differential from the reservoir to each of the reactor sites. Preferably, each 
reactor is provided with its own mass flow controller to determine the rate of entry of 
the gaseous mixture into the reactor. 

It is preferable for constant pick up of the precursor in the carrier gas to be 
achieved by the method and apparatus of the present invention. More preferably still, 
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constant pick up is achieved over a wide range of flow rates, such as 0 to 10 litres per 
minute. 

The container of precursor is preferably in the form of a bubbler, the carrier gas 
being introduced into the bubbler by means of a dip pipe. Preferably, the bubbler is 
surrounded by a temperature controlled oil bath. It is preferable to provide a means of 
monitoring the level of precursor in the bubbler (this may be achieved, for example, by 
a level alarm, a weighscale or a gas concentration monitor/totaliser). 

A third aspect of the present invention provides a bubbler comprising a 
container for precursor and a dip pipe for passage of a carrier gas therethrough to pick 
up the precursor in the gas, wherein the bubbler includes one or more of the following 
features: 

(a) a narrowing of the container at or near the base thereof to aid complete 
utilisation of the precursor therein; and 

(b) one or more hollow members extending substantially perpendicularly to 
the dip pipe and being in fluid communication therewith, each member 
having an opening therein to aid pick up of the precursor. 

The base of the bubbler may be provided with a narrowing or may have a 
smaller vessel placed therein relative to the bubbler, for example being in the form of a 
well at the bottom of the bubbler. The end of the dip pipe is placed within the 
narrowing or smaller vessel to ensure that constant pick up of the precursor is achieved 
until almost complete utilisation of the precursor contained within the bubbler. 

The dip pipe is preferably designed to provide an increased rate of pick -up of 
the precursor. Preferably, the dip pipe is provided with one or more hollow members 
extending substantially perpendicularly from the main >ody of the dip pipe, preferably 
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situated at the base thereof. The members are preferably provided with a plurality of 
holes in one or more sides thereof. More preferably, the dip pipe is provided with a 
hollow cross at the base thereof. Preferably, each leg of the cross has a plurality of 
holes. More preferably, the holes are provided in the same side of each leg. This 
design ensures a small bubble size together with a swirling motion to give highly 
efficient pick up. 

The carrier gas that picks up the precursor may be any suitable permanent gas, 
such as hydrogen. The apparatus and method of the present invention are particularly 
suitable for delivering organometallic compounds to epitaxial reactors, such as 
Trimethylgallium, Trimethylindium, Trimethylaluminium, Dimethylzinc and 
Triethylgallium. 

For a better understanding of the present invention and to show more clearly 
how it may be carried into effect, reference will now be made by way of example only 
to the accompanying drawings in which:- 

Figure 1 is a schematic diagram of the components of an apparatus according to 
one embodiment of the present invention; and 

Figure 2 is an isometric diagram of a bubbler for an apparatus according to the 
present invention, having a front part removed to show the dip pipe of the bubb ler. 

Referring to Figure 1 of the accompanying drawings, a bulk distribution 
apparatus for delivering a precursor in the vapour phase from a bulk container 1 to a 
plurality of reactor vessels 12, 14, 16, 1 8, 20 according to one embodiment of the 
present invention is illustrated. A flow 2 of carrier gas, typically hydrogen (but 
possibly any permanent gas) is passed at a rate set by a mass flow controller 4 into a 
bulk bubbler 1, via a dip pipe 3, containing the precursor to be delivered to the plurality 
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of epitaxial reactors. The bulk bubbler 1 is held in a temperature controlled oil bath 5 
and is fitted with a level alarm 6 to provide an indication of the fill state. The bulk 
bubbler's internal design (see Figure 2) is such as to ensure constant pick up over a 
wide range of flow rates (0 to 10 litres/min) and to achieve almost complete utilisation 
of the contained chemical (down to the last 2%). 

The hydrogen 2 picks up the precursor from the bubbler 1 and the resulting gas 
stream is diluted by a further injection of hydrogen, this flow being set by a mass flow 
controller 7, positioned in ratio to the mass flow controller 4. This secondary dilution 
is mainly required to reduce vapour concentration to below saturation thereby ensuring 
that the precursor remains in the vapour phase as it passes through the system. 
Alternatively, this may be achieved by heating the system downstream of the bubbler, 
or by a combination of these two measures. 

The gas mixture is then passed into a central reservoir 9, fitted with a pressure 
controller 10, the output from which is used to position the principal hydrogen mass 
flow controller 4. Concentration of the gaseous mixture in the reservoir is measured 
using a concentration monitor 8. Vapour may be drawn from the central reservoir, by 
pressure differential, to any number of epitaxial reactors 12, 14, 16, 18, 20 at flow rates 
set by individual mass flow controllers 12a, 14a, 16a, 18a, 20a for each reactor. 

It is to be appreciated that the method and apparatus of the present invention 
may be used to deliver any precursor in the vapour phase to a plurality of reactor sites 
but the invention is particularly suitable for the bulk distribution of organometallic 
compounds, such as those used in the production of semiconductors. For example, 
such compounds include Trimethylgallium, Trimethylindium, Trimethylaluminium, 
Dimethylzinc and Triethylgallium. 
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It is important that the method and apparatus of the present invention are able to 
provide a vapour of constant composition over a wide range of flow rates and that 
constant pick-up can be achieved when only 2% of residual precursor remains in the 
container. Additionally, it is preferable that the composition of the precursor/carrier 
gas mixture being delivered to a plurality of reactor sites can be monitored by a single 
gas concentration monitor. 

The apparatus of the present invention enables a precursor chemical to be 
transported in the vapour phase from a central reservoir to a plurality of reactor sites. 
One of the main advantages provided by this system is the reduced downtime 
associated with the changeout of the bubblers for the individual reactors. A further 
advantage is the reduction in the quantity, complexity and cost of the local pick-up and 
control equipment required for each chemical at each reactor. Furthermore, the ability 
to deliver the pyrophoric precursors as a vapour increases the safety of the system due 
to the vapour containing only a low concentration of the precursor (less than 5%) in 
contrast to the high concentration (100%) required for bulk liquid distribution. 

An important feature of the present apparatus is the internal design of the bulk 
bubbler 1 . Normally, it would be very difficult to achieve constant pick-up and flow 
rates from the bubbler when there is only a small amount of residual precursor 
remaining in the bubbler container. The present invention overcomes this problem to 
provide a constant pick up (for carrier gas flowrates up to 10 litres/min) by providing a 
well or narrowing within the bulk vessel bubbler. For example, a 20 litre volume 
bubbler may be provided with a 1 litre volume well, into which the dip pipe projects. 

Additionally, the bubbler for use in the present invention may be provided with 
a novel construction of dip pipe which aids pick up of the precursor. For example, 

BNSDOCID: <WO OU2539A1J_> 



WO 01/42539 PCT/GBOO/02559 

8 

Figure 2 of the accompanying drawings illustrates a bubbler 100 fitted with a dip pipe 
that has the main hollow body 102 extending substantially vertically down through the 
centre of the bubbler and is provided with a hollow cross 104, each leg 104a, 104b, 
1 04c of which extends substantially perpendicularly from the main body and has four 
holes 106 all drilled on the same side of each leg. Such a design ensures a small bubble 
size together with a swirling motion to give highly efficient pick up. This design of 
bubbler enables a far greater rate of pick up (around 10 litres/min) than can be obtained 
from a small volume bubbler. 
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CLAIMS 

1 . A method for delivering a precursor to a plurality of reactor sites, ihe method comprising 
the step of introducing a carrier gas into a container of precursor, picking up the 
precursor in the gas to form a gaseous mixture and selectively distributing the gaseous 
mixture to one or more of a plurality of reactor sites. 

2. A method as claimed in claim 1, wherein the rate of flow of the carrier gas and the 
carrier gas/precursor mixture is controllable. 

3. A method as claimed in claim 1 or claim 2 further comprising introducing a second 
source of carrier gas into the gaseous mixture after pick up of the precursor. 

4. A method as claimed in claim 3, wherein the addition of the second source of carrier gas 
is monitored to maintain the vapour concentration below saturation. 

5. A method as claimed in any one of claims 1 to 4 further comprising the step of heating 
the precursor/carrier gas mixture. 

6. A method as claimed in any one of the preceding claims wherein the gaseous mixture is 
transported to a reservoir for storage thereof prior to distribution to the plurality of 
reactor sites. 

7. A method as claimed in claim 6 wherein the gaseous mixture is drawn under vacuum or 
by means of pressure differential from the reservoir to each of the reactor sites. 

8. A method as claimed in any one of the preceding claims wherein the pick up of precursor 
in the carrier gas is kept constant. 

9. A method as claimed in claim 8 wherein a constant pick up is achieved over flow rates 
ranging from 0 to 1 0 litres per minute. 
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10. A method as claimed in any one of the preceding claims wherein the carrier gas is 
hydrogen. 

11. A method as claimed in any one of the preceding claims for the delivery of 
organometallic compounds to epitaxial reactors. 

12. An apparatus for delivering a precursor to a plurality of reactor sites, the apparatus 
comprising an inlet for introducing a carrier gas (2) into a container (1) of precursor and 
an outlet for selectively distributing the precursor in the carrier gas to one or more of a 
plurality of reactor sites (12, 14, 16, 18, 20). 

13. An apparatus as claimed in claim 1 2, wherein one or more mass flow controllers (4) are 
provided to control the rate of flow of the carrier gas and the carrier gas/precursor 
mixture through the apparatus. 

14. An apparatus as claimed in claim 13 wherein a first mass controller (4) is positioned to 
control the rate of flow of carrier gas into the container (1). 

15. An apparatus as claimed in claim 12, 13 or 14, further comprising means for introduction 
of a second source of carrier gas into the gaseous mixture after pick up of the precursor. 

1 6. An apparatus as claimed in claim 15 when dependent from claim 1.4, wherein a second 
mass flow controller (7) is provided to monitor the addition of the second source of 
carrier gas. 

17. An apparatus as claimed in claim 16, wherein the second mass flow controller (7) is 
linked to the first mass flow controller (4). 

18. An apparatus as claimed in any one of claims 12 to 17, wherein a reservoir (9) is 
provided for storage of the gaseous mixture, the reservoir having means for selectively 
distributing the mixture to a plurality of reactor sites. 
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19. An apparatus as claimed in claim 1 8 wherein the reservoir (9) is provided with a pressure 
controller (8). 

20. An apparatus as claimed in claim 1 8 or claim 19 wherein means is provided to allow the 
gaseous mixture to be drawn under vacuum or by means of a pressure differential from 
the reservoir (9) to each of the reactor sites (12, 14, 16, 18, 20). 

21. An apparatus as claimed in any one of claims 12 to 20 wherein each reactor site (12, 14, 
16, 18, 20) is provided with its own mass flow controller (12a, 14a, 16a, 1 8a, 20a) to 
determine the rate of entry of the gaseous mixture into the reactor. 

22. An apparatus as claimed in claim any one of the preceding claims wherein the container 
(1) of precursor is a bubbler, the carrier gas being introduced into the bubbler by means 
of a dip pipe (3). 

23. An apparatus as claimed in claim 22 wherein the bubbler is surrounded by a temperature 
controlled oil bath (5). 

24. An apparatus as claimed in claim 22 or claim 23 wherein the bubbler is provided with 
means (6) for monitoring the level of precursor therein. 

.25. An apparatus as claimed in any one of claims 12 to 24 for the delivery of an 

organometallic compound to epitaxial reactor sites. 
26, A bubbler (100) comprising a container for precursor and a dip pipe (102) for passage of 

a carrier gas therethrough to pick up the precursor in the gas, wherein the bubbler 

includes one or more of the following features: 

(a) a narrowing of the container at or near the base thereof to aid complete utilisation 
of the precursor therein; and 
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(b) one or more hollow members ( 1 04a, 1 04b, 1 04c) extending substantially 
perpendicularly to the dip pipe (102) and being in fluid communication therewith, each 
member having an opening (106) therein to aid pick up of the precursor. 

27. A bubbler as claimed in claim 26, wherein the base of the bubbler is provided with a 
narrowing. 

28. A bubbler as claimed in claim 26, wherein the base of the bubbler has a smaller vessel 
placed therein relative to the bubbler. 

29. A bubbler as claimed in claim 27 or claim 28 wherein the end of the dip pipe is 
positioned within the narrowing or smaller vessel. 

30. A bubbler as claimed in any one claims 26 to 29 wherein the dip pipe (102) is provided 
with one or more hollow members (104a, 104b, 104c) extending substantially 
perpendicularly therefrom. 

31. A bubbler as claimed in claim 30, wherein each hollow member (104a, 104b, 104c) is 
situated at the base of the dip pipe. 

32. A bubbler as claimed in claim 30 or claim 31, wherein each member is provided with a 
plurality of holes (106) in one or more sides thereof. 

33. A bubbler as claimed in claims 30, 31 or 32 wherein the dip pipe is provided with a 
hollow cross at the base thereof. 

34. A bubbler as claimed in claim 33 wherein each leg of the cross has a plurality of holes. 

35. A bubbler as claimed in claim 34 wherein the holes are provided in the same side of each 
leg. 
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